A total of 694 food samples for aflatoxin B 1 (AFB 1 ) were assessed using a monitoring scheme consisting of enzyme linked immunosorbent assay (ELISA) for rapid screening and high performance liquid chromatography (HPLC) for quantification. One hundred-four out of 694 samples were found to give positive ELISA readings and were further determined by HPLC analysis. Thirty-two samples including 2 maizes, 3 soybean products, 20 nuts and nut products and 7 spices were found to be contaminated with AFB 1 (4.6% of incidence), ranging in various levels up to 48.6 µg kg -1 . The contamination levels of AFB 1 in 28 out of 32 contaminated samples were below 10 µg kg -1 of AFB 1 , which is the legal tolerance limit in Korea. Based on the daily food consumption data, estimated exposure dose of AFB 1 was 6.42 × 10 -7 mg kg -1 bw day -1 . Furthermore, estimated excess cancer risk values to liver cancer incidence by ingestion of these foods 
Introduction
Aflatoxins are a group of structurally related toxic metabolites produced by (Eaton and Groopman, 1994) . Among aflatoxins, AFB 1 is the most frequent metabolite present in contaminated foods and is classified as a human carcinogen. Generally, aflatoxin B 2 (AFB 2 ), G 1 (AFG 1 ) and G 2 (AFG 2 ) are not reported in the absence of AFB 1 and are classified as possible carcinogens to humans (IARC 1993 , JECFA 1998 . Epidemiological studies have also suggested that aflatoxins might be associated with human liver cancer and acute hepatitis (Li et al. 2001 ).
Aspergillus flavus and Aspergillus parasiticus
Because of potential health hazards to humans, regulatory levels have been recently documented. The ranges of worldwide regulations for AFB 1 and total aflatoxins were from 0 to 30 µg kg -1 and from 0 to 50 µg kg -1 , respectively (FAO 1997) . In the European Union, AFB 1 and aflatoxins levels in human commodities are regulated with maximum residue levels (MRLs) that cannot be greater than 2 and 4 µg kg , respectively (EEC 1998) . Recently, the Codex Alimentarius Commission, Joint FAO/WHO Food Standards Program adopted a limit of 15 µg kg -1 for aflatoxins (Codex 2001) . In Korea, a residue limit of 10 µg kg -1 AFB 1 for foodstuffs has been established since 1989 (KFDA 2000) .
A review of monitoring studies on the aflatoxins occurrence in food products has demonstrated that aflatoxins are still being found frequently in food products at levels that are of significant concern for consumer protection (Scott and Lawrence 1997, Stroka and Anklam 2002) . Recently, a study on the daily exposure of Koreans to AFB 1 through food consumption revealed that the calculated probable daily intake (PDI) of AFB 1 for
Koreans ranged from 1.19 to 5.79 ng kg -1 bw day -1 (Park et al. 2004 ). This exceeds the estimated provisional maximum tolerable daily intakes, 0.4 ng kg -1 bw day -1 for adults with hepatitis B or 1.0 ng kg -1 bw day -1 for adults and children without hepatitis B (Kuiper-Goodman 1998). However, the PDI of AFB 1 for Koreans was estimated from the AFB 1 levels in barley, barley-based foods, corn, corn-based foods, fermented soybean products and rice. Levels of aflatoxins in nuts, spices and their products were not reflected even though they are the most important dietary sources of aflatoxins.
ELISA analysis is convenient for simultaneous determination of contaminants in a large number of samples with relatively low cost and short time. However, it is not suitable for quantification of contaminants since it can be influenced by matrix effect of samples and has the possibility to overestimate the contaminants at very low concentration. Therefore, a monitoring scheme, which consists of ELISA for screening of possible contaminated samples, HPLC for quantification of contaminated levels is considered to be useful to assess the existence and level of aflatoxins.
Therefore, in the present study, the natural occurrence of aflatoxins in foodstuffs from South Korea was determined using a monitoring scheme consisting of enzyme linked immunosorbent assay (ELISA) for rapid screening and high performance liquid chromatography (HPLC) for quantification. Furthermore, we attempted to perform a risk analysis on AFB 1 , based on dietary exposure to AFB 1 and its potency in induction of liver IUFoST 2006 DOI: 10.1051 cancer. 
Materials and methods

Samples
Aflatoxin B 1 analysis
For ELISA analysis of AFB 1 , the powder-type samples were extracted as follows: a 20 g sample was extracted with 100 ml of 60% methanol and 5 g of NaCl for 20 min with shaking. After extraction, the sample was centrifuged at 3,000 rpm for 5 min and the supernatant was filtered with filter paper (Whatman No. 1) and glass microfibre filter pretreated by 1 ml of 100 % methanol. For butter-type samples, a 10 g sample was extracted with 50 ml of 50 % acetonitrile for 3 min with shaking. After extraction, the sample was centrifuged at 3,000 rpm for 15 min and the supernatant was filtered with filter paper (Whatman No. 4 ). An aliquot of sample was diluted with PBST and analyzed for AFB 1 . Direct competitive (DC)-ELISA procedure was performed as described by Kang et al. (2001) . clean-up method using Aflatest P columns (Vicam, Watertown, USA) and were carried out based on the previously reported methods using IAC (AOAC 991. 31 2000) with minor modifications. The purified sample extracts were derivatized by adding 0.1 ml of IUFoST 2006 DOI: 10.1051 trifluoroacetic acid, allowed to stand for 15 min and diluted with 2 ml of acetonitrile-water (1+1, v/v). Injection volumn was 20 µl. All the procedures were carried out in subdued light and kept from direct UV light. HPLC analysis was carried out by using a Jasco HPLC system (Tokyo, Japan) equipped with a FP-920 fluorescence detector.
The chromatographic separation was performed on a µ Bondapak C 18 column (3.9 × 300 mm I.D., Waters, Ireland) using a water-acetonitrile (3+1, v/v) mobile phase at a flow-rate of 1.0 ml/min. Detection of aflatoxin was carried out using 365 and 418 nm as wavelengths for excitation and emission, respectively. In method of HPLC, the recoveries of AFB 1 on spiked all samples were 76 -114%. Limit of detection (LOD) and limit of quantification (LOQ) were determined on signal to noise ratio of 3:1 for LOD and 10:1 for LOQ. The estimated LOD and LOQ of AFB 1 were 0.05 and 0.15 µg kg -1 . established in Korea as a guideline (KFDA 2000), but the incidence level was very low (4.6%). The aflatoxin contamination in cereals was negligible except maize. In agreement with our result, Tabata et al. (1993) reported that 6 of 359 rice, barley and maize samples were contaminated with aflatoxins.
Risk assessment
Measurable levels of aflatoxins were found in soybean and their products (Table I) . Of 3 aflatoxin-positive samples,1 sample was soy sauce, 2 samples were soybean paste, but levels were low. No aflatoxin was detected in soybean, soybean oil and hot soy paste.
Eight samples out of 27 peanut samples and five out of 19 peanut butter samples were contaminated with AFB 1 , indicating that peanut and peanut products were the most common commodities contaminated with AFB 1 (Table II) . Our result was supported by previous reports that the peanut is one of the most susceptible foodstuffs to be contaminated by toxicogenic fungi producing aflatoxins (Mphande 2004 The incidences and levels of AFB 1 in spices are given in Table II . Of 21 samples, 7 samples (2 curry powder, 1 black pepper powder and 4 hot pepper powder) contained AFB 1 below 5 µg kg -1 . Among spices, the incidence levels of curry powder and hot pepper powder samples were 29% and 57%, respectively. It was reported that aflatoxins were found in 3 hot pepper powders and range of aflatoxins in detected samples was 1.8-16.4 
Estimation of the dietary exposure
To reduce uncertainty and improve reliability, a probabilistic approach was applied to the actual survey data. Based on the occurrence level obtained by probability distributions, the estimated Korean mean dietary exposure to AFB 1 was 0.642 ng kg -1 bw day -1 and 95th
percentile exposure was 2.51 ng kg -1 bw day -1 . The major contributing foods for AFB 1 were soybean paste, soy sauce and peanut, whereas the highest contaminated level was found in pistachio, followed by peanut butter and curry powder. Dietary intakes of AFB 1 due to soybean paste, soy sauce and peanut were 0.397, 0.185 and 0.025 ng kg -1 bw day -1 , respectively. The estimated high exposures to AFB 1 by consumption of soybean paste and soy sauce, which comprise 91% of total exposure to AFB 1 , suggested that risk management on these foods would be required (Table III) for adults (>15 ages), 0.3 ng kg -1 bw day -1 for children (3-14 ages) in French, respectively.
Thus, considering Korean probable daily intakes (0.642 ng kg -1 bw day -1 ), Koreans probably consume higher amounts of AFB 1 than other countries. However, from Chinese survey data (Li et al. 2001) , the average daily intake of AFB 1 from maize in the high-risk area was 184.1 µg, and the probable daily intake is estimated to be 3.68 µg kg -1 bw day -1 .
Risk assessment
Among various factors influencing the risk of primary liver cancer, carriage of (Table IV) . These excess cancer risks are estimated on the basis of the mean dietary exposure to AFB 1 . Therefore, excess cancer risk could be increased reflecting the consumers for highly contaminated foodstuffs. 
